WHAT IS CLAIMED IS: 

1 . A method for automatic, decentralized coordination of independent 
motion paths that are broken down into motion path segments of a plurality of mobile 
robots communicating with each other within a specified geographical area, to avoid 
collisions and to detect and resolve mutual blockings, comprising: 

a robot receiving positioning information from the other robots and 
determining its distance (drob) to the other robots, 

when the robot moves to within a specified relative distance (dsafe) of at 
least one of the other robots, the robot setting up and maintaining a coordination 
connection to these robots to coordinate its motion path with the motion paths of the 
at least one other robot for as long as its distance is less than the specified relative 

selected as a coordinator and the other robot is selected as a partner, 

the coordinator requesting the planned movement segments of the 
partner and initiating an algorithm for avoiding collisions, with which the motion path 
segments of the partner are harmonized with the motion path segments of the 
coordinator, in order to determine the collision areas in which the robots are less than 
a specified minimum distance (dmin) apart and in which a timing sequence scheme for 
the motion path segments of the coordinator and the partner is determined, 

the coordinator giving permission to itself and to the partner to execute 
the next motion path segment, on the basis of the timing sequence scheme for the 
motion path segments of the coordinator and the partner, whereby the motion path 
segment is executed only when the permission is granted, 
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one of the robots initiating an algorithm to detect blocking in order to 
detect a group of mutually blocking robots if the detecting robot has not been granted 
permission to execute its next motion path segment, 

on detection of a group of mutually blocking robots by the detecting 
robot, the detecting robot initiating an algorithm to resolve the blocking, whereby the 
resolving algorithm comprises at least a first step and optionally a second step, 
wherein, in the first step, the mutually blocking robots that are connected by the 
coordination connection exchange the sequence for executing the next motion path 
segment, and in the second step, at least one of the mutually blocking robots plan new 
motion paths, with the second step being executed only if the first step fails to resolve 
the blocking. 

2. The method according to Claim 1, wherein the algorithm for avoiding 
collisions determines the time sequence scheme for the planned motion path segments 
of the coordinator and the partner by : 

presenting the motion path segments of the coordinator and the partner 
in accordance with a horizontal and a vertical axis of a two-dimensional diagram, 

checking for positions of the robots in the motion path segments that 
produce a distance for the robots that is less than a specified minimum distance dmin 
and marking the positions as collision areas, 

establishing an execution path that avoids all of the marked collision 
areas, beginning with a bottom left comer and ending in a top right comer of the two- 
dimensional diagram, 



20 



dividing the execution path into linear sections, beginning with the 
lower left comer of the diagram, and making an entry for each linear section in the 
time sequence scheme, wherein for each horizontal section the coordinator, for each 
vertical section the partner, and for each diagonal section both the coordinator and the 
partner are granted permission to execute the next motion path segment. 

3. The method according to Claim 2, wherein the execution path for the 
motion path segments is established to be as short as possible. 

4. The method according to Claim 3, wherein the execution path 
established has collision paths that meet in the lowest left comer of the collision areas. 

5. The method according to Claim 1, wherein the algorithm to detect 
blocking includes: 

defining a directed coordination connection such that the origin of a 
directed coordination connection is assigned to a waiting robot and the destination of 
the directed coordination connection is assigned to a priority robot, 

transmitting a test message along the newly defined directed 
coordination connection, 

receiving the test message from the transmitting robot and forwarding 
the test message to all of the receiving robot's outbound coordination connections, 
along with an identification of the robot forwarding the test message, 

receiving the forwarded test message from the forwarding robot and 
checking as to whether the forwarded test message originated from the robot 
performing the checking, and 
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detecting a mutual blocking situation with a simultaneous 
identification of all robots, in the event of at least one of: (i) the test message 
originates from one robot, and (ii) if the test message does not originate from the one 
robot, the test messages are forwarded to all outbound coordination connections with 
the identifications. 

6. The method according to Claim 1, wherein the first step of the 
algorithm to resolve the blocking includes: 

- sending a change message to the group of the mutually blocking robots, 

- receiving a change message by the robots involved in the group of mutually 
blocking robots and inquiring of the coordinator as to whether the sequence for 
executing the next motion path segment is to be swapped, 

- discarding the change message if swapping the sequence of execution 
resolves the blocking, or receiving the change message by the robot initiating the 
change message in order to initiate the second step, 

and whereby the second step of the algorithm to resolve the blocking includes: 

- sending a replan message to the group of the mutually blocking robots, 

- receiving the replan message by the robots involved in the group of mutually 
blocking robots and requesting the robot planning the motion path to plan an alternate 
motion path, 

- discarding the new plan message and removing all directed coordination 
connections if an alternate motion path is successfully planned by the robot, or 
receiving the new plan message by the robot initiating the new plan message and 
thereupon initiating a freeing message. 
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- sending the freeing message to the group of mutually blocking robots, 
whereby the freeing message is enabled to leave the group, to cause all available 
robots to plan an alternate motion path and to register whether a robot other than the 
mutually blocking robots is located in the vicinity of the mutually blocking robots, 

- receiving a freeing message by the robots initiating the freeing message, 
checking whether any of the mutually blocking robots can plan an alternate motion 
path and whether any of the mutually blocking robots registers a non-blocking robot 
in its vicinity, and canceling the blocking resolution if an alternate motion path is 
planned or a non-blocking robot is registered. 

7. The method according to Claim 1, wherein the mobile robots comprise 
robots configured to jointly clean an area. 

8. The method according to Claim 7, wherein the specified geographical 
area comprises at least one of a supermarket and an airport. 

9. A method for automatic, decentralized coordination of movement paths 
between at least two mobile robots, which prevents collisions and detects and resolves 
mutual blocking situations between the mobile robots, comprising: 

one of the robots receiving position information from the other of the robots; 

establishing a coordinating connection between the one robot and the other 
robot if, according to the position information, a position between the robots falls 
below a predetermined minimum acceptable distance; 

designating the two mobile robots as respectively either a coordinator or a 
partner; wherein the coordinator initiates a collision avoidance algorithm that utilizes 
a time sequence diagram for motion path segments of the coordinator and the partner 
in order to prevent a collision between the one robot and the other robot, and wherein 
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the collision avoidance algorithm includes granting authorization by the coordinator 
to execute a next step in the motion path segments to at least one of the coordinator 
and the partner; 

in the event of a failure by the collision avoidance algorithm to successfully 
grant the authorization, initiating an algorithm for detecting a mutual blocking 
situation; 

if the blocking detection algorithm detects a mutual blocking situation, 
initiating an algorithm for resolving the blocking, including interchanging a sequence 
for executing the next step in the motion path between the coordinator and the partner, 

10. The method according to Claim 9, wherein, in the event of a failure by 
the interchanging to successfully resolve the mutual blocking situation, the blocking 
resolution algorithm replans the motion paths of the motion path segments of the time 
sequence diagram. 



24 



